"We shall then ask how modern means of sharing data, especially the Internet, might be used to make taxonomy more efficient and to improve its links with its end-users." (GODFRAY et al. 2008: 943) .
"Taxonomists should embrace new tools that are potentially useful (such as DNA barcodes for species discovery and identification and DNA taxonomy to help test species boundaries) and catch the attention and interest of other scientists." (AGNARSSON & KUNTNER 2007: 534) .
"…taxonomists will display a regrettable lack of foresight for the future of taxonomy if we do not integrate all of the methods that are now available to delimit species boundaries into a synthetic approach." (DAYRAT 2005: 412) .
"The new excitement about taxonomy is driven partly by advances in technology, and partly by newly perceived needs given the biodiversity crisis." (MALLET & WILLMOTT 2003 57) .
"One can make a case with some justification as to whether the science of taxonomy is evolving fast enough in the face of the demands being placed upon it by the public and by government policy makers in connection with the so-called biodiversity crisis." (SCHRAM 2007: 23) .
Thought to be no more than a service industry for endusers, such as ecologists, bioinformatists and conservationists, taxonomy has been dumbed-down to that of a technology of a bygone era. This has created the image of dusty elitists cocooned in crumbling museums or as Luddites dismissing so-called 'progress' wholesale. With this increasing popular image in mind, taxonomy, as a scholarly pursuit, is undermined by what we refer to as an unwitting anti-intellectual movement within biological systematics. The movement uses "scientific" arguments to justify its use when in fact it is defying best practice.
DEFINING 'BEST PRACTICE' IN BIOLOGICAL SYSTEMATICS
Presently, many debates in biological systematics are argued from the perspective of 'scientific evidence' or 'scientific inquiry' when in fact the problems are of a practical rather than scientific nature. The recent 'paraphyly debate' for example, centers itself around finding evolutionary models to justify paraphyletic taxa, namely ancestral groups (see BRUMMITT 2002 , CAVALIER-SMITH 2010 . The debate cannot be resolved because genealogical arguments are being used to justify what is essentially a problem of biological classification. Seen from the point of view of 'best practice', paraphyly is nothing more than an indication of poor taxonomy. 'Best practice' in biological systematics is about quality, not quantity. We define 'best practice' as the highest standard of systematic practice based on the foundations of systematics. The pursuit of monophyletic taxa in biological classifications is seen as best practice within biological systematics as they define natural groups -a standard that was laid out by early taxonomists such as DE CANDOLLE (1813) . Paraphyletic taxa, for instance, cannot be justified using any scientific argument because they only indicate that a particular classification is in error and needs to be revised. This means that taxonomic revisions, not ad hoc justifications, are essential to best practice procedures. Defying best practice with ad hoc argumentation leads to anti-intellectualism.
ANTI-INTELLECTUALISM DEFINED
In his 1964 Pulitzer Prize winning text, Anti-intellectualism in American Life, HOFSTEADER (1963) clearly separates the terms intelligent and intellect. The term intelligent is something 1 The articles in the section OPINION are of sole responsibility of the authors and do not necessarily reflect the views of the editorial board. (WILSON 1971:741) .
OPINION
ZOOLOGIA 27 (2): 165-178, April, 2010 that is ascribed to someone or something. It means cleverness, or, in the case of computers for example, it simply means ability to perform functions. Dogs and photo-copying machines can be described as being intelligent. The term intellect, however, refers to the power of knowing. An intellectual is a human who is able to question and rationalize. Within science, intellectuals are usually referred to as scholars, namely those who, for example, question the methodologies, theories and syntheses used in biological systematics. Such questions require certain knowledge of their historical interpretation while at the same time avoiding Whiggish explanations. Moreover, scholars realize that the questions we ask are limited by what we know. Science has certain limitations. For instance, methods in biological systematics are non-experimental and rely on pattern-based approaches to make hypotheses of relationships. Anti-intellectualism, however, is defined as "opposing or hostile to intellectuals or to an intellectual view or approach" (Merriam Webster's Online Dictionary 2009, http://www. merriam-webster.com). If 'intellectuals' are 'scholars' and the 'intellectual approach' is 'scholarship', then we see an antiintellectual sentiment within science, especially biological systematics, to which this study is devoted. Given the definition above, anti-intellectualism is defined herein as any pursuit hostile to or opposing best practice in biological systematics.
FORMS OF ANTI-INTELLECTUALISM IN BIOLOGICAL SYSTEMATICS
Below we briefly outline six forms of anti-intellectualism which we believe are manifest in biological systematics. Many of these forms can be seen elsewhere (e.g. in the intelligent design debate; PIGLIUCCI 2002), whereas others are seemingly endemic to science (i.e. anti-elitism; PACKER et al. 2009 ).
1. Anti-Elitism is often referred to as the "democratization of science" (PACKER et al. 2009 ). For instance, there is a prevailing attitude (e.g. HEBERT & BARRETT 2005 ) that anyone within systematics and taxonomy has the 'democratic' right to comment on theories or methods outside their own areas of expertise without the necessary or required knowledge. Recent issues of the botanical journal Taxon for example, contain several articles by evolutionary taxonomists and horticulturalists pontificating on paraphyletic groups and their necessity (BRICKELL et al. 2008) . The authors, who are not trained in phylogenetics, expressed a certain amount of outrage over the dismissal of well-known taxonomic groups based on phylogenetic evidence. Rather than understand why the groups they wish to preserve are not monophyletic, a new version of phylogenetics is created in order to justify, rather than change, the original taxonomic designations (see STUESSY & KONIG 2008) . What is actually a taxonomic problem has now been unnecessarily further complicated (see Pseudoscience below). The disdain and distrust shown toward "experts" has led to an 'Ivory Tower syndrome' within science. Anti-elitists believe experts dictate or "monopolize" arguments, rather than accept that 'experts', by definition, are the most informed. Non-experts who have adopted a new scientific field without understanding its theory and methodology have created a dumbing-down of biological systematics. The "don't blind me with science" attitude is prevalent in the recent 'unitary taxonomy' debate (GODFRAY 2002) . Population geneticists and ecologists, for instance, have placed themselves in the position of 'spokesperson' for a field they have little knowledge or practice in. Unitary taxonomy is a response by non-taxonomists frustrated by multiple and at times conflicting biological classifications (SCOBLE 2004) . Rather than understand why these problems occur and finding proper solutions, they insist on a single taxonomy for "end-users", in effect dumbing-down what is a highly complex science.
2. Sensationalism in science is best illustrated by the burgeoning biodiversity crisis. Any proposed project within biological systematics not addressing the biodiversity crisis in some way is grounds for rejection (MAYO et al. 2008) . No project within taxonomy or systematics is able to solve the biodiversity crisis. If all organisms were to be discovered and classified, it will only provide us with a single number without any context. Cataloging all life because of a biodiversity crisis is sensationalist and defeats the purpose of taxonomy and systematics. Taxonomy, like any other scientific endeavor, is about discovering and understanding the world around us. Doing so results in knowledge rather than vast amounts of information with little meaning.
3. Populism creates a benchmark in science against which all fields are judged. This benchmark is based on quantity of publications, citation ratings and funding opportunities.
Researchers that produce a higher number in each are more likely to be offered tenure and receive further funding. This creates both a 'publish or perish' culture and a 'fad science' phenomenon. A higher number of publications with higher citation index scores do not guarantee that the author produces exceptional research. In taxonomy, for example, most breakthroughs are made within revisionary works published as monographs, which may take months to write, include one or two authors, and are often not ranked within a citation index (e.g. BRUNDIN 1966 , ROSEN 1979 . A successful taxonomist may therefore have few publications and a low citation rating. Populism, however, dismisses such scholarly endeavors in favor of short, speculative articles on currently popular topics (e.g. transitional fossils, exobiology, etc.) that are authored by 10 or more researchers and written for scientific magazines, such as Nature or Science (see VALDECASAS et al. 2000) . The bane of populism rebuffs scholarship and generates an impetus for smaller research projects, which make greater assumptions and employ a greater number of researchers.
using a technology to resolve trivial scientific issues or, using a non-scientific method to resolve a scientific problem, is also pseudoscientific. 
DEFINING THE DNA BARCODING ENTERPRISE
An excellent example of anti-intellectualism that consists of all six forms is the DNA Barcoding Enterprise -an academic cottage industry on which this study focuses. Before we venture into exposing the barcoding enterprise, we wish to make the distinctions clear between DNA barcoding and the DNA Barcoding Enterprise.
DNA Barcoding is a simple technique that is based in molecular sequencing technology. A marker gene (i.e. CO1 gene) is extracted for all known organisms. The barcodes can be compared to calculate genetic divergence.
The DNA Barcoding Enterprise comprises groups of individuals and consortia who wish to extract and database barcodes utilizing funds and resources allocated to academic or research institutions. The goal is to produce a product and identification service for governmental and commercial ventures (e.g. the food industry, biosecurity, and biodiversity resource management).
On the surface, barcoding and the barcoding industry seem harmless -even of limited value to systematic biology. The way in which each are portrayed within biological systematics, however, is cause for concern:
"We argue that barcodes are potentially extremely useful tools for taxonomy for several reasons. Barcodes may, for example, help to identify cryptic and polymorphic species and give means to associate life history stages of unknown identity. Barcode systems would thus be particularly helpful in cases when morphology is ambiguous or uninformative and would provide tools for higher taxonomic resolution of disparate life forms." (SCHANDER & WILLASSEN 2005: 79) . "Rather than draining support from taxonomy, the DNA barcoding initiative has the potential to inject significant new funding into museums, herbaria and individual taxonomy labs." (GREGORY 2005 (GREGORY : 1067 .
"To others, DNA barcoding will save taxonomy, servicing the rising demands of the molecular and phylogenetics community, whilst instilling new life into an aging institution. For them DNA barcoding would leave a legacy that outlives any single taxonomist and remove the uncertainty that besets traditional taxonomy." (SMITH 2005: 842) .
"DNA barcodes are likely to play a major role in the future of taxonomy… This is of great utility to the end users of taxonomy, and will help make more rapid progress in traditional taxonomic work… However, we must keep open the possibility that the barcode sequences per se and their everincreasing taxonomic coverage could become an unprecedented resource for taxonomy and systematics studies in addition to being a diagnostic tool." (SAVOLAINEN et al. 2005 (SAVOLAINEN et al. : 1807 (SAVOLAINEN et al. -1809 .
DNA barcoding, portrayed as the 'future of taxonomy', is indeed a contentious claim. The catch phrases 'major role in the future', 'rapid progress', 'servicing the rising demand', 'inject significant new funding', and 'useful tools' all describe the limitations, rather than the advantages, of DNA barcoding. A simple technology like DNA barcoding is not an academic and scholarly endeavor and doing so verges on pseudoscience. Insisting that it can 'progress' taxonomy is sensationalist. All barcoding will do is provide the taxonomists with more data that is formally not required within species descriptions or taxonomic revisions. Those who want barcoding are the end-users, usually an industry, government, or biodiversity management organization, rather than taxonomists. The role of taxonomy within the DNA barcoding enterprise is to provide a service, namely to check and verify data. Morphology, the basis for all taxonomic identifications and revisions, is dismissed entirely (PACKER et al. 2009 ).
The DNA barcoding enterprise is based on a business model, which follows so many others currently used in academia (Fig. 1) . In exposing the DNA Barcoding Enterprise Model we hope to show that many other such models are detrimental to scientific scholarship.
THE DNA BARCODING ENTERPRISE MODEL (DBEM)
Business or enterprise models work on a solution solving basis (see Fig. 1 ). For instance, a stakeholder (1) consults an innovator (4) with a problem based on a demand. The innovator uses existing technologies (2) to assess the economic viability of a solution based on some form of model (e.g. a work schema). The model is developed into a beta product that is tested and the resulting data is collated (3). This information is used to develop the product (5) and dependent resources (e.g. databases, software, help desk, training, etc.). The final product is delivered to the stakeholder who makes it available to the end-user (6).
Academia, namely museums and universities have adopted this enterprise model within their own research programs. We show, using DNA Barcoding, that such enterprise models, beneficial to industries and profit margins, may be detrimental to scholarship. We use the same terminology in the figure to describe the DNA Barcoding Enterprise Model (DBEM) using recent examples and events.
Stakeholders
The original stakeholders in DNA Barcoding are industry and government agencies. A government that demands 'a technique for encoding unique identifiers' to detect genetically modified food would significantly outweigh any request from academia. The idea of a molecular taxonomy and DNA identification as a taxonomic tool, however, goes back earlier (e.g. KURTZMAN 1994 , WILSON 1995 . It is, however, most likely the demands from non-academic agencies, such as DEFRA and the resulting media attention, which has sparked renewed interest in DNA identification (i.e. DNA Barcoding; HEBERT et al. 2003) , rather than the potential to discover cryptic species (KNOWLTON 1993) or some concern expressed on the limitations of morphological keys. Moreover, governmental agencies and industry (e.g. primary producers and food processing companies) have the influence and resources to be viable stakeholders:
"Pyxis Genomics promises to deliver this long sought-after feature for meat processors: traceability from farm to fork. The company is developing a panel of genes for Canadian food processor Maple Leaf Foods that will form the basis for the system, the first phase of which should be implemented this fall… The company [Pyxis Genomics] is currently partnering with VIDO, Simon Fraser University and the University of British Columbia to study immunity in food animals. The three-year project, backed with $27 million in Genome Canada funding, promises knowledge that will help keep food animals -and the food they producehealthy and safe." (from ANON. 2003: 2) .
"…Maple Leaf Foods, based in Ontario, Canada, announced that it had successfully completed research and development into producing a DNA traceability system for pork." (Meat International 2004, vol. 14: 12 The demand for barcodes to identify organisms has resulted in the company Genome Canada, "…a hybrid venture capital and granting council" (GODBOUT 2001: 3) 
Industry
The majority of resources used in new innovations, for instance, are borrowed from existing technologies. In numerical phylogenetics, for example, parsimony, Bayesian analysis, maxi-mum likelihood, the binary matrix, and bifurcating trees, all originated in the statistical or mathematical sciences. Biologists have simply adopted them in order to expedite phylogenetic methods. These technologies were originally developed to deal with a vastly different abstract problem, which leads one to wonder whether they accurately represent problems within phylogenetics (see WILLIAMS & EBACH 2008) . The same is true for DNA Barcoding. The ability to sequence genes and extract molecular data is a simple technology at best. It seems dubious that employing genetic divergence rates would accurately represent divergence between species. Industry provides technologies that can be integrated by innovators to develop new or modified tools.
Innovators
The technology produced and provided by the manufacturing industry, such as PCR machines or primers, for instance, offer innovators a quick way to assess the viability of meeting the demands of stakeholders without reinventing existing technologies. Innovators employ standards that abide to existing standards in the field the technology will be employed. Standards, for instance, have been developed for taxonomic databases in order to comply with the international codes of nomenclature. This has created the Taxonomic Database Working Group (TDWG), which issues standards for worldwide use. In some cases, innovators also create standards for data that benefit the end user rather than the source of the data, namely the taxonomists. 'Unitary taxonomies' are a standard imposed on conflicting taxonomies. While this may be beneficial for end users, it is disastrous for taxonomists (CARVALHO et al. 2007) . Moreover, innovators are usually not representative of the field they 'represent'. DNA Barcoders for instance, who wish to 'represent' taxonomy, are usually neither taxonomists not systematists (e.g. HEBERT & GREGORY 2005) . In fact DNA barcoders are usually from a genetics background, once again highlighting the emphasis on genes and identification, rather than tax- ZOOLOGIA 27 (2): 165-178, April, 2010 onomy and classification. DNA Barcoders claim to have concern for taxonomy, but in reality their interests lie elsewhere as stated in a press release for the 2nd International Barcode of Life Conference in Taiwan: "About 350 DNA barcoding experts from 46 nations will converge in Taipei amid spiralling interest from health officials, government agencies and others beginning to realize potential applications in a range of areas -from consumer protection and food safety to disease prevention and better environmental monitoring" (COLLINS 2007).
The above represents the viability of a product. In the case of DNA Barcoding, the product of a DNA barcode reader, will be "similar to the scanners at retail checkouts" (O'CONNELL 2008), and will be of immense value to industries that require such technology to identify sources of contamination or GMOs (Genetically Modified Organisms), for example. Moreover, any new innovation requires modeling. For instance, models predict ways in which DNA barcoding will be used, the varying demands of its users, and the cost of beta testing and production. The DBEM will reveal that the demands from taxonomy and systematics alone are not enough to fulfill the required revenue to make barcoding a viable venture. Taxonomy, however, offers DNA barcoding with a resource that is viable -an identification service.
Service Providers
Research and development (R&D), that is, beta testing (i.e. testing software) and data acquisition (i.e. populating public databases such as the Barcode of Life Data Systems) is the most important, costly and time consuming part of any enterprise model. In the DBEM, a large proportion of R&D can be covered by using a service provider to do all the testing and data acquisition. The service provider can apply for funds from their own coffers and devote expertise and resources to R&D. Within the DBEM it is taxonomists and systematists, and the universities and museums that employ them, who are the primary service providers. The DNA Barcoding idea is marketed to taxonomists and systematists as a potential solution to taxonomic problems (HOLLINGSWORTH 2007: table I) , although its benefits are far greater for non-taxonomic end-users (see below). Once sold on the idea, the taxonomic community applies for grants from traditional funding sources, or it uses its own time and resources. For example, DNA Barcoding cannot work until taxonomists and systematists have tested the viability of the CO1 gene as a reliable marker for use in DNA barcoding: "Without traditional taxonomy, a CO1 sequence can be like an unfinished sentence" (HOLLOWAY 2006).
When most economically important groups have been barcoded, the function of taxonomists will be to apply barcoding to lesser known groups or "cryptic" taxa:
"…widely divergent taxonomic groups have reported success using CO1 for both species identification and discovery." (SMITH 2008: 67) .
"DNA barcodes can be used to identify cryptic species of skipper butterflies previously detected by classic taxonomic methods and to provide first clues to the existence of yet other cryptic species." (BURNS et al. 2008: 6350) .
Ironically, it is those interested in "consumer protection, food safety, disease prevention, and better environmental monitoring" that benefit from the DBEM rather than taxonomists. Take for example this statement from the CBOL-ABS brochure:
"DNA barcoding can help to achieve many of the Millennium Development Goals (MDGs) and reach the objectives of the Convention on Biological Diversity … Controlling Agricultural Pests: Lessening Poverty and Hunger … Identifying Disease Vectors: Combating Diseases … Environmental Sustainability … Protecting Endangered Species … Monitoring Water Quality" (CBOL-ABS Brochure, http:// www.barcoding.si.edu/PDF/CBOL-ABS%20Brochure%20-%20FINAL.pdf).
Vendors
Once the product has been tested it is given to a vendor to manufacture the prototype. Stakeholders satisfied with the product may request a revision of the product or order full production. DBEM has so far not produced the hand-held DNA barcoder prototype:
"Looking ahead, we expect that soon a handheld barcode reader, similar to a GPS device, will 'read' such a segment from any tiny piece of tissue." (STOECKLE & HEBERT 2008: 83) .
"Imagine the promise of a schoolchild with a barcoder in hand learning to read wild biodiversity, the power granted to a field ecologist surveying with a barcoder and global positioning system, or the security imparted by a port inspector with a barcoder linked to a central computer!" (Ten 
End-users
The primary end-user targets within the DBEM are government agencies, and businesses like aquaculture and agriculture, rather than the taxonomists in museum and universities who catalog and curate the specimens which are vital for sequencing: "The FDA isn't the only US regulatory agency taking notice of barcoding. The Federal Aviation Administration is barcoding tissue from hapless birds involved with airplane strikes. Its intent is to prevent bird strikes by targeting specific bird species for control around airstrips. The US EPA is using barcoding to characterize the health of waterways through identifying complex assemblages of aquatic species that would otherwise require intense and time-consuming taxonomic study to characterize. The US Department of Agriculture is using barcoding data from CBOL's fruit fly working group to better control the agricultural pest" (GRANT 2007).
The benefits for taxonomists, the prime end-users of taxonomic data, are minimal (see EBACH & HOLDREGE 2005a) .
'BEST PRACTICE' IN TAXONOMY, YET AGAIN
Before explaining the forms of anti-intellectualism in the DBEM it is important to understand 'best practice' in taxonomy. Taxonomy is a field that is either poorly misunderstood as merely 'stamp-collecting' or seen as a service industry for 'endusers' (GODFRAY et al. 2007) . Regardless of what non-taxonomist end-users feel about taxonomy, the field itself adheres to a standard. The naming of taxa must adhere to one of several codes of nomenclature. Moreover, taxonomists working within each taxonomic group also follow strict guidelines. For example, trilobites are always described from head (cephalon) to tail (pygidium). For most, if not all, taxonomists geographical locality does not define a taxon. These are all 'best practices' that are based on rational argument and practicality. Morphology and not geography, for instance, gives us the vital information we use in classification. Naming a trilobite from cephalon to pygidum standardizes the way we describe taxa and makes finding characters in a text much easier. 'Best practice' in taxonomy also extends beyond how we name and describe taxa. Taxonomy is a field that has all its knowledge based in the expertise of taxonomists (CARVALHO & EBACH 2010) . A database, no matter how well atomized or sorted, cannot replace the knowledge of a taxonomist. As a tool the database is invaluable, but as a source of knowledge of a particular group, it is inadequate. When databases, for instance, start to out-number taxonomists the knowledge is not replaced -only nomenclature, descriptions and hypothetical phylogenetic relationships are recorded. If we wish to increase the productivity in taxonomy then quite obviously we increase the number of taxonomists and demand from them products of high quality. This adheres to best practice.
DNA Barcoding, however, does not adhere to best practice in taxonomy simply because it is not taxonomic in nature. Taxonomy, for instance, is purely morphological and not molecular. Unless there is a morphological character to distinguish a new taxon, then DNA Barcoding is extremely limited as a taxonomic tool. In the case for identification purposes, such as keys, DNA Barcoding is again limited. Unless a barcode is explicitly linked to a specimen that signifies a whole species, then DNA Barcoding is of little use. Firstly, this means that the specimen in question, a type, is properly assigned. It is unusual for a single specimen to show all the morphological variation with a proposed species. Until the taxonomic workers of a particular group can be satisfied that a single specimen, or sample of specimens, are properly designated as types, and that the morphological variation corresponds to the molecular variation, then the barcode is most likely a molecular representation of a species. In any case, whether this is true for all barcodes is highly questionable (see SONG et al. 2008) ; does uncontextualized molecular variation really signify new taxa anyway? Furthermore, barcodes adhere to 'best practices' elsewhere, outside of taxonomy, complicating the matter further.
The DBEM however, goes against all best practices in biological systematics. This is because it uses scientific arguments to justify what is essentially poor practice in managing systematic biologists. Justification for this poor practice has led to anti-intellectualism. Unfortunately, the DBEM is often confused as DNA Barcoding itself. We refer the reader to the large body of literature dedicated to the scientific justifications of DNA Barcoding (see . Herein, however, we look at the DBEM and investigate the forms of anti-intellectualism found in poor practice within biological systematics.
THE DNA BARCODING ENTERPRISE MODEL AS AN EXAMPLE OF ANTI-INTELLECTUALISM

Anti-Elitism: democratizing science and the enduser lobbyist
Comparative biology and most other sciences do not lend themselves to democracy: "We propose DNA barcoding as a reliable, consistent, and democratic tool for species discrimination in routine identification of parasitic nematodes" (FERRI et al. 2009 ).
Systematics, for instance, is a science and an academic pursuit that consists of experts who are knowledgeable of the groups they study. In order to democratize systematics, or any other comparative science, we immediately reject the need to reduce the importance of such knowledge. This irrefutably damages the field. Take for instance: "Janzen and Hallwachs want biological knowledge to extend beyond experts, to move out of the hands of the one person in the world who can identify a certain spider, to reach everyone. They see a handheld barcode device -which doesn't exist yet -democratizing information, bolstering bioliteracy, making gardeners of us all" (HOLLOWAY 2006).
Gardeners or parataxonomists (see below) do not have the experience to practice taxonomy. Technology cannot replace knowledge gained over many years of experience. A world ZOOLOGIA 27 (2): 165-178, April, 2010 filled with parataxonomists will result in partially correct identifications and generally low-quality descriptions:
"Parataxonomy does not fulfil the criteria of a scientific method" (KRELL 2004: 795) .
The call for faster species identifications and descriptions is not made so we can better understand the natural world:
"We examine the crafting of publics in the global Barcoding of Life Initiative (BOLI) -seen as crucial for re-invigorating, and democratizing, early-twenty-first-century taxonomic sciences and hence for actually achieving biodiversity protection" (ELLIS et al. 2009 ).
'Biodiversity protection' is not a goal of systematics or taxonomy but rather of conservation biology, and protecting biodiversity is a task that lies outside science altogether.
For instance, what are we protecting biodiversity from? Poor systematic classifications or clumsy taxonomic diagnoses, which endanger systematics, are seemingly of little relevance to biodiversity protection. Linking systematics to biodiversity, as we show below, is sensationalist and of little relevance to biological classifications.
Sensationalism: the biodiversity crisis
Implying the inadequacies of describing new species and revising current taxa in light of the burgeoning biodiversity crisis is a sensationalist claim promoted by the DNA Barcoding Enterprise. For instance, we will have no control over the biodiversity crisis if all known species are described, catalogued and their taxonomic groups fully revised. All systematics can contribute is in providing a single number of species. Given this number, we may be able to monitor the rate of loss, but identifying and preventing the causes of extinction are well beyond the goals and abilities of systematics. The DNA barcoding enterprise is well aware that a single number and related statistics can sell an idea. Too much emphasis however is placed on a quantitative measurement of biodiversity:
"Current estimates of the number of species range from 5 to 30 million, with a best working estimate of 8 to 14 million; of these, only around 1.8 million have been described" (IUCN 2008 ).
DNA Barcoding alone cannot describe each and every new DNA species. In fact, it requires the knowledge that lies within taxonomy and systematics. The tactic used to promote the DNA Barcoding Enterprise works as follows. First establish an academic link to taxonomy. For example, show how DNA Barcoding can work with taxonomy to facilitate faster identifications:
"The taxonomic enterprise is entering a renaissance for many reasons, including new tools like DNA barcoding. Traditional taxonomists realize the need for a more streamlined system of data gathering, analysis, and publication. Researchers in related fields (e.g., ecology, evolutionary biology, and agriculture) recognize that taxonomic names provide the basic vocabulary and information framework for biodiversity. Taxonomy as a field has always been tightly knit at the level of individual scientists but loosely organized at an institutional level. In recent years, a series of cooperating intergovernmental activities and nonprofit organizations have been created to build a more integrated taxonomic enterprise." (MILLER 2007: 4775) .
Once testimony has been given to the usefulness of DNA barcoding, the deficiencies and inadequacies of taxonomy needs to be provided. This justifies the decrease of taxonomists due to the lack of technology and validates new technologies like DNA barcoding as economically praiseworthy and 'scientific': "DNA barcoding has emerged at a critical time for taxonomy.
Economic development and increased international commerce are leading to higher extinction rates and the introduction of invasive and pest species. As a result, local, national, and international user communities are demanding more and faster species identification services and better information about their biodiversity than ever before. At the same time, taxonomy as a field faces huge funding challenges and a dwindling professional workforce. Barcoding is emerging as a cost-effective standard for rapid species identification. It has the potential to accelerate our discovery of new species, improve the quality of taxonomic information, and make this information readily available to nontaxonomists and researchers outside of major collection centers" (MILLER 2007: 4775-4776) .
DNA Barcoding has been elevated to the level of a classificatory 'science' by justifying new technologies in taxonomy. This sensationalist approach has no scientific merit. Taxonomy is not an identification service and does not answer to 'economic development' or 'local, national, and international user communities'. In order to expedite taxonomy, greater investment into training taxonomists is needed as well as a greater number of available positions. A long-term vision, such as identifying all the species on Earth, requires long-term investments. Unfortunately, DNA Barcoding is sensationalism that promotes new technologies, which are not able to perform the same functions as taxonomists, is damaging systematics and taxonomy.
Populism: taxonomy as a service industry
The DNA Barcoding enterprise is making use of the populist image of taxonomy, a term that is becoming synonymous with 'service'. For instance, taxonomy is measured by the number of described species, rather than the quality of the descriptions and revisions. The impression given is that of a good service rather than of a good science: "We live in an exciting time. A new generation of tools are coming online that will vastly accelerate the rate at which we are able to discover and describe species," says Wheeler. "Most people do not realize just how incomplete our knowledge of Earth's species is or the steady rate at which taxonomists are exploring that diversity. In 2006, for example, an average of nearly 50 species per day were discovered and named" (WHEELER in http://www.biologynews.net/ar-chives/2008/05/23/scientists_announce_top_10_new_ species_issue_sos.html).
DNA Barcoders, however, use this impression of a slow 'service' to state their case: "Barcoding gathered momentum quickly because its early proponents bemoaned the slow pace of taxonomy to quantify global biodiversity (HEBERT et al. 2003) and sought a faster, better way" (RUBINOFF 2006 (RUBINOFF : 1549 .
Taxonomy, seen as a service provider, has resulted in identification tools that carry the taxonomic prefix without any reference to meaningful 'taxonomic classifications'. A 'taxonomic key' for example, helps us identify a named taxon, whereas 'taxonomic checklists' provide a list of known named species within an area: "Taxonomic species lists should be based on the best taxonomic data at hand, and instability will reflect the continuous flux of taxonomic knowledge" (PADIAL & DE LA RIVA 2007 865)
Identification keys do not necessarily use data of vital taxonomic relevance (i.e. diagnostic characteristics) or reflect natural classifications, as they rely upon any morphological, behavioural, ecological or physiological data that distinguish among taxa that are similar. More often than not taxonomic keys reflect artificial rather than natural classifications, the latter of course being a legitimate goal of taxonomic endeavor.
'Taxonomic' keys are not representative of taxonomy per se, as they represent a consequence or a secondary end-product of a taxonomic study, and are not directly involved in species discovery (i.e. new diagnoses and descriptions) or systematic revisions (i.e. new hypotheses of natural classifications). Taxonomic data, however, are often misinterpreted as distributional or nomenclatural information, both of which are not taxonomic in nature. Moreover, taxonomic data is often interpreted as 'specimen data', that is, data pertaining to an individual rather than to a species or a classification:
"An essential part of improving taxonomic data is the preservation of voucher specimens" (MILLER 2007: 4776) .
The populist interpretation of the term 'taxonomy' as a service industry directly affects the field. Taxonomy, measured as a service to describe new species, looses its perceived importance as an academic field:
"If the original estimates hold and between 873 and 1,750 new species of catfishes are described, the cost will have been between $2,700 and $5,400 per species. Completing the taxonomy, with revisions, identification keys, field guides, and websites with distributional and other information on all 4,500 species of catfish, will have been done for a cost of approximately $1,000 per species. At this rate, and if estimates of 5 million to 10 million species of organisms on Earth are correct, the cost of completing an inventory of the biodiversity of the planet will be only $5 billion to $10 billion. This is a trivial amount considering modern expenditures for the military and health care, and it would produce an unparalleled source of information about the planet Earth and its resources" (PAGE 2006).
Taxonomy, reduced to a service that is equivalent to 'health care', may easily be equated by populist means to a technology like DNA Barcoding. In so doing, DNA barcoders can justify their aims. If taxonomy is more than a manual way to produce species identifications and descriptions, then it obviously can benefit from a faster and more cost-effective technology. The populist image of a new fangled technology coming to the aid of ancient machinery helps sell the DNA Barcoding Enterprise and undermine taxonomy.
Pseudoscience: DNA Barcoding and cryptic species
DNA barcoding is a limited technology. For instance, the differing rates of genetic divergence that DNA barcoding may uncover is not directly correlated to taxic divergence. Taxonomic justification for erecting a new species is based on various morphological characteristics found in, usually, a larger number of specimens. The divergence in a single sequence from the CO1 region of a single gene derived from several specimens is not evidence for taxonomic designation. Why, then, do happily accept that such minor genetic variation between morphologically indistinct species justifies separate identification (i.e. cryptic species)? "In 'DNA barcoding' a short section of DNA sequence is used to identify species. Neither the idea nor the technology behind DNA barcoding is novel. What is new and controversial is the idea of using just a small portion of a single gene to identify species from a wide taxonomic range, including animals such as birds, fish and insects… As well as correctly identifying known species, a number of probably cryptic species have been discovered within what had previously been thought to be single morphologically based species. This apparent success has fuelled speculation that accurate species identification is now possible by anyone with access to DNA sequencing even if they lack taxonomic expertise. The methodology used in DNA barcoding has been straightforward. Sequences of the barcoding region are obtained from various individuals. The resulting sequence data are then used to construct a phylogenetic tree using a distance-based 'neighbour-joining' method. In such a tree, similar, putatively related individuals are clustered together. The term 'DNA barcode' seems to imply that each species is characterised by a unique sequence, but there is of course considerable genetic variation within each species as well as between species. However, genetic distances between species are usually greater than those within species, so the phylogenetic tree is characterised by clusters of closely related individuals, and each cluster is assumed to represent a separate species" (DASMAHAPATRA & MALLET 2006: 254) .
A similar plea was made several years before under the guise of DNA Taxonomy:
"The basic procedures of DNA taxonomy would be straightforward. A tissue sample is taken from a collected individual and DNA is extracted from this. This DNA serves as the reference sample from which one or several gene regions are amplified by PCR and sequenced. The resulting sequences are, as a first approximation, an identification tag for the species from which the respective individual was derived. This sequence is made available via appropriate data bases, together with the species description and other associated information, ideally including its taxonomic status with appropriate references. The sequence now serves as a standard for future reference, together with the type specimen and the respective DNA preparation, which will be deposited in museum collections. Once a significant sequence data base has been built up, new samples can be checked against these existing sequences to assist species re-identification or to assess whether a new species description might be warranted. The data base could also serve to resolve questions about the taxonomic identity of specimens that are derived from larval life stages, or for identification of artefacts from trade with endangered species and so on. In the early phases of this initiative, concerted efforts must be made to achieve good coverage of all known species (or some specifically targeted subgroups), but once the data base is sufficiently complete, these comparisons, aided by the phylogenetic analysis of query sequences, will readily place any sequences from new specimens" (TAUTZ et al. 2003: 70-71 ).
However, others beg to differ:
"The concept of DNA taxonomy as proposed by TAUTZ et al. (2003) is essentially based on the barcoding approach as its practical component. It goes much further, however, in demanding that DNA sequences -not morphological databe used as the main criterion for taxonomic decisions. The advocates of DNA taxonomy claim that the current practice in taxonomy is not adequate to achieve the aim of a more or less complete inventory of animal life in a reasonable period of time… The main criticism of DNA taxonomy, however, deals not with these minor aspects of practicability. It is rather concerned with the lack of intellectual content… In summary, DNA taxonomy promises something that it cannot deliver. This meagre concept provides neither a serious alternative to the well established system of taxonomy nor a useful scaffold in which the existing system can be embedded. While this concept should be buried, the use of DNA sequences remains most valuable in biological systematics and certainly will attain growing influence in the future" (KOEHLER 2007: 45-46 ).
This statement exposes the contradictory nature of the DNA Barcoding Enterprise. KOEHLER (2007) rejects DNA Taxonomy because it rejects morphology while DNA Barcoding itself rejects morphology as inadequate for the purposes of discovering "cryptic" species (see PACKER et al. 2009) . It is as if cryptic species are solely demonstrated by molecular approaches -morphological systematists, entrenched in their endeavor to tease apart variation and unravel patterns of relationships, commonly deal with cryptic species themselves (i.e. cryptic patterns of relationships), a very obvious fact overlooked by barcoders.
We are told DNA barcoding aims to identify named taxa, but at the same time it is offered as a way to discover cryptic species (see HEBERT et al. 2004) . Which is it? DNA Barcoding, by its own admission, is unable to completely do or replace taxonomy; how then can it discover new species? "We have suggested that when DNA barcoding is compared to traditional taxonomy in the areas where barcoding is likely to be most useful -cryptic species recognition, it nearly always outperforms morphology which often simply does not work at all. In this respect, it is perhaps ironic that new species are readily described on the basis of subtle morphological variation, yet there is a general reluctance to describe species on the basis of genetic evidence alone, which suggests that data chauvinism (R. Mayden, personal communication) is alive and well within the taxonomic community." (PACKER et al. 2009: 47) .
'Data chauvinism' or not, DNA barcoding, like DNA Taxonomy, promises something that it cannot deliver. Individuals that display only trivial variations or a significant lack of differences at the morphological level cannot be justified as representing different species due to variations within single DNA sequences. DNA barcoding alone cannot justify species representative of a single gene. After all, the aim of barcoding is species identification, not species discovery or a replacement for taxonomy: "CBOL's mission is to promote the exploration and development of DNA barcoding as a global standard for species identification" (http://www.barcoding.si.edu/).
"…DNA barcoding would benefit, not compromise, taxonomic science" (GREGORY 2005 (GREGORY : 1067 .
"Species discovery is really the job of taxonomy and hence cannot solely use DNA barcodes as the arbiter of the discovery of new species" (RACH et al. 2008: 237) .
Apparently, practitioners of the DNA Barcoding Enterprise are starting to think otherwise:
"Certainly an organism's DNA barcode might be considered as simple compared to its entire morphology… But, it brings an entirely independent set of data to bear on the study of organismal diversity and thereby helps to calibrate the level of taxonomic uncertainty in the existing system. This should be seen as being advantageous to the process surely?" (PACKER et al. 2009: 44) .
Technology in and of itself is not science, but a tool which expedites the work process. Real innovation is born in ideas and not techniques (see also CRISCI 2006 , CARVALHO et al. 2008 . DNA barcoding is at best pseudoscientific and held together by a fundamental belief that molecules speak the 'truth' and technology 'saves ' (see SMITH 2005) .
ANTI-INTELLECTUALISM AND THE DNA BARCODING ENTERPRISE LEGACY The End-user Phenomenon
There is a growing concern about the end-users of taxonomic data. As discussed above, these data primarily consist of diagnostic descriptions, synonymies and images of type material. The end-users of taxonomic data, however, are: "… the ecologists, environmentalists, other biologists, and amateurs, [who] would have an unambiguous recommendation that they could use in their work…" (GODFRAY et al. 2007: 950) . GODFRAY et al. (2007; see also GODFRAY 2002 ) want a single user-friendly classification that will suit end-user needs. The fact that many classifications conflict and that taxonomists cannot agree on any one taxonomy seems to be irrelevant. Moreover, the conflict that exists between different classifications usually lies at the ordinal or familial level, rather than at the level of species, the unit of taxonomy that concerns 'ecologists, environmentalists, other biologists, and amateurs'. However, it is the differences in taxonomic conclusions that has lead end-users to despair, so much so that: "[Current taxonomic practice] also undermines arguments for investing more resources in taxonomy: if further taxonomic work leads to an increase in the size of the accumulated fragmented taxonomy with no synthesis for the end-user, it will fare badly in the intense competition for science funding" (GODFRAY et al. 2007: 943) .
This argument that a field in crisis does not require more investment is one also favored by DNA Barcoders. One cannot help but interpret GODFRAY et al. (2007) as underselling taxonomy. As a woefully underfunded field, taxonomy cannot sort out complicated problems. It needs more funding, training and support -not a 'synthesis' for the end-user. GODFRAY et al.'s (2007) populist, that is, anti-intellectual, viewpoint hinders taxonomy. The suggestion that this would 'fare badly in the intense competition for science funding' most likely reflects the view of funding bodies, which prefer a technological solution. This sentiment is stated in a recent invitation to tender under NERC's 'UK Taxonomy & Systematics Review' in response to "to the recent House of Lords Science and Technology Committee inquiry into systematic biology research and taxonomy" (NERC, 2009: http://www.nerc.ac.uk/research/themes/biodiversity/ events/documents/taxonomy-itt.pdf):
"…an identification of topics, technologies or mechanisms that need research and development to most effectively ramp up taxonomic and systematic biology work to meet societal needs, including rapid taxonomic techniques, metagenomics and novel methods based on new sequencing technologies" (NERC 2009:2) .
The perceived 'inability' that taxonomy is unable to function without access to 'technologies or mechanisms' is incorrect (see EBACH & HOLDREGE 2005b , CARVALHO et al. 2008 . These new technologies that funding bodies consider innovative and worth funding are the same technologies that end-users demand for faster species identification. Taxonomy, which cannot meet these demands, has been usurped by the DNA Barcoding Enterprise:
"'Leading genomic researchers, industry technology developers and end-user regulatory agency scientists gathered in Toronto's MaRS Centre on 18 February 2009 to explore the market-readiness of DNA barcoding… It is clear that DNA barcodingwhich was invented and has been largely validated in Ontario by Dr. Paul Hebert and his colleagues at the University of Guelph's Biodiversity Institute of Ontario -has the potential to speed up and decrease the cost and uncertainty of traditional approaches to identifying individual species in exploratory, regulatory, forensic and educational settings' said Dr. Christian Burks, President and CEO of OGI. 'As with other genomics research, translating this innovation into much broader applications will be driven by the involvement of industry partners and end-user uptake'" (Ontario Genomics Institute News, http://www.ontariogenomics.ca/media-centre/ news/2009-3-05/320).
The end-user in DNA barcoding is a different beast altogether. The original stakeholders, who demanded DNA barcoding, are now benefiting from the DNA Barcoding Enterprise. Taxonomy, reduced to a service industry in the minds of the public and several of its practitioners, has as a service provider beta tested the technology to resolve the 'uncertainty of traditional approaches to identifying individual species in exploratory, regulatory, forensic and educational settings'.
So far the benefit for taxonomists and end-users of taxonomic data is limited. As a service provider it receives funding to do DNA Barcoding rather than taxonomic revisions. Endusers have a rudimentary identification service and database, which may be of value once hand-held devices become available, which are used and maintained by a new generation of technicians or parataxonomists.
CONCLUSIONS
"Whence springs this taxonomic worldview that ignores the needs of humankind?" (PACKER et al. 2009: 48) .
Under the auspices of 'taxonomy' and the 'biodiversity crisis', the DNA Barcoding Enterprise Model has succeeded in creating a product for a non-taxonomic stakeholder, namely industry, governmental departments, fisheries, agriculture, applied ecology and conservation. The DBEM is not designed to help taxonomy, nor does it further taxonomic research or promote scholarship. Rather the DBEM is an exercise in poor practice, demoting the importance of taxonomy via faint praise, by adding to the taxonomic 'toolbox' as if taxonomy were a mere technology in aid of mechanical advancement. A new generation of parataxonomists and barcoders is unsustainable within biological classification. Rather than helping taxonomy it will create a service industry to help measure the biodiversity crisis.
Many reading this work may shrug at the march of technology and embrace the DBEM as providing a potentially useful tool. They do so at their own peril. The DBEM is a cash-cow that may or may not inadvertently fund taxonomic or systematic projects. The whole enterprise, however, is anti-intellectual and is characterized by non-scientific aims and methods. As taxonomists and scientists we question the need of the DBEM and its scientific relevance.
